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Abstract
The relative importance of orbital and spin flip terms in the Ml
. ., 20 . .
transition between the ground and 11.24 MeV states in Ne 1s determined

from a measurement of the analog transition ZONe(Wﬂ,Y)ZOF (l+, 1.06

MeV) with stopped pions. The Ml amplitude contains only (47 T 16)% spin

flip, in agreement with published results of shell model calculations.

20

Excitation of 2 -states by “"Ne(T ,Y) is also observed.
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In the systematic study of isovector Ml tramsitions (1) in the lp- and
2s/1ld-shell, the simultaneous analysis of radiative width measurements,
inelastic electron scattering form factors and Gamow-Teller decays from the
isobaric analog levels in neighboring nuclei (2) has allowed one to separate
the two contributions to the Ml transition density due to the orbital current
and spin magnetization, and thus to sharpen the comparison with nuclear model
calculations. 1In general, spin flip dominates the transition density, since
it is enhanced over the orbital part by the magnetic moment factor Y _ -
p
. . (6, 12 .
B = 4.7. For certain lp-shell nuclei ("Li (3,4), C (5)) the radi-
ative pion capture reaction has been measured with sufficient accuracy to
obtain Gamow-Teller matrix elements. Furthermore, it was recently demon-—
strated that for M3 transitions in the lp-shell, where only spin flip matrix
elements are allowed, that the (e,e') and (1,Y) data give identical
results (6),
20 - 20 .
We have measured the photon spectrum for the ~ Ne(m ,Y) "F-reaction
with the goal of using branching ratios to directly extract spin density
. 20 . . .
matrix elements. We chose Ne since backward inelastic electron scatter-
. o +
ing (7) shows a strong isovector Ml transition to the 1 -state at 11.24 MeV.
, 20 .
Its analog occurs at 1.06 MeV in = F. Recent shell model calculations (8)
+ + _ . .
show that O =+ 1 transitions in the sd~shell are different from those
previously studied with (n,Y) in the Ip~shell, in that orbital recoupling
tends to contribute as much to the amplitude as does spin flip. Our present
study shows that the radiative pion capture reaction provides an excellent
means for testing this kind of prediction.
The experimental apparatus consisted of a cryogenic liquid neon target
1.6 em thick and 8.9 cm in diameter, and an electron-positron pair spectrom—

eter similar to that described previously (9). The present improved system
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used‘multiwire proportional chambers instead of spark chambers, thinner
converter foils, and new analysis codes. The trajectory coordinates measured
by the MWIPCs were converted analytically into the photon vector momentum,
following an algorithm described in detail elsewhere (10). The lineshape and
efficiency of the instrument and analysis system were calibrated on data
taken with the neon target cell filled with liquid hydrogen. The resolution
for the monochromatic 129.4 MeV photons from ﬂmp + ny is 850 keV FWHM.

The photon spectrum for Ne is shown in Fig. 1. The contribution from
the target container has been subtracted, but there is no correction for the
9.2% 22Ne present in the natural Ne target. Since the photon energy for
ZZNe(ﬁm,y)zzF (g.s.) is lower by 3.83 MeV than for ZONe(WW,Y)ZOF
(g.s.), our discussion below is not affected by this. Transitions are seen
leading to a group of states at low excitation in 20?, and another group
at about 6 MeV excitation. In addition, there is the photon continuum due
to break-up capture.

The group of states at low excitation, identified with arrows in the
inset of Fig. 1, are the 2+~ground state, a 1+mleve1 at 1.06 MeV excita~
tion, and two 2 -levels at 1.31 and 1.84 MeV. The three latter states are
not resolved, but their relative contributions can be determined from a fit
to the spectrum since the line shape and the energy scale are well known from
hydrogen data and runs on other targets (120, 136, lgF) measured in the
same experiment (11). The results of the fit are given in Table 1. We
repeated the fit, keeping the relative positions of the levels fixed, but
varying the positions of the first one by 200 KeV, twice the expected error
on our abolute energy scale. A minimum in the overall chi-squared was found

at the position expected kinematically. The error given for the branching

ratios includes the uncertainty in the stopped pion flux and detector



_Sm
acceptance., We also include in Table 1 a branching ratio for the 6 MeV
levels and the total spectrum. The 6 MeV structure most probably
corresponds to a 2 -state similar to those previously observed (12) in
16O and 12C3 and as predicted with gbout twice the observed branching
ratio in the core-interaction separable interaction model (CESIM) (13,14).
The combined strength of the 1.31 and 1.84 MeV 2 -states is approximately
predicted by this theory, too.

The measured branching ratio for the 1+m1eve1 is surprisingly small
when compared to other tramsitions in the 2s/ld-shell (3,20). This can be
understood with the phenomenological analysis presented below, and also on
the basis of the Wildenthal-Chung wave functions for ZONe (8).

Over 90% of the pions are captured from the 2P atomic orbital in Ne
(15). For a 0+ to 1+ transition we have the following expression for

the transition rate (6,16-18) in the impulse approximation:
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R, =2 VG a ~>/2 C, = pionic wave function distortion factor (19)
Ip 2E 2p 2p 16
= 1,18, value for =~ 0, ref. 20.

(]
t

= Bohr radius of pionic atom, and A, B, C = coefficients of the
(7",Y)-Hamiltonian (11,16)

and with the notation of Ref. 16,

The measured quantity is the radiative capture branching ratio which is
the radiative capture rate divided by the total width of 2p pionic neon (21),
We have considered the effect of a 5~10% 1S-state capture and found this not
to affect our conclusions.

Evaluating the radial matrix elements in Eq, ‘ll using harmonic oscil-
lator wave functions with ro= 1.835 fm (22), the measured branching ratio

gives a constraint on the sum of squares of the reduced matrix elements
‘ Lig* Lya+
= < > = < >,
Ry, 1ﬂ]c+[oxYO}I!o and R, 1ﬂ}c+[0xyz] Ilo 4]
We obtain

R 12 |r,. 1% RelR. R |
L. o 21 [RoiRy) e 5|

Gan? Gae)? ow?

. .20
The Ml width for electromagnetic decay of the 11.24 MeV state in = Ne

to the 2ONe ground state is given by (2)

g8.78 2

T gty 2 20 3 1) Pp P

v,olt 700 =T By ) T Ryt R 6|
with

1 + 1 +

o - o= = < > N

78, ~8y) = 4.7 and Ly, = <1 Ht+[LxYo] o
ROl denotes the matrix element of the spin current and LO1 denotes the

matrix element of the orbital current. Eq. !Si indicates that the (ﬂB,Y)

branching ratio is rather insensitive to R21s Neglecting R21 altogether,
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we use Eq. '5! to obtain ROI = 0,12 ¥ 0,04, We use Eq. l6i together with

the experimental value for FO y of (11.2 * 2,0) eV (7) to obtain 4.7 Ro
5 E

+ LOl = 1,17 £ 0.1. Combining these two values, we obtain LO1 = 0,62 +

0.21. The orbital term is thus seen to account for 53 % 16% of the amplitude

of Eq. |6

o

Full sd-shell model calculations (8) predict the values RO1 = 0,105 and

= 0,605 leading to FO v = 10 eV and a (T ,Y) branching ratio of

3

Lor
(0.74 *0.14) % lOmé, in agreement with our measured value of (0.9 # 035)
109‘4a The small ROl value can be traced to the sign difference between

the dominant 5/2 - 5/2 and 3/2 + 5/2 spin density matrix elements (8).

The situation here is quite different from that in the Ip~shell. In
the A = 12 system, for example, spin flip accounts for 95% of the ML ampli-
tude (5), The excitation of giant Ml levels by radiative pion capture has
been observed to closely follow the pattern of inelastic electron scattering
strength throughout the lp-shell nuclei (3,6,20,23). This is the first case
to be analyzed in detail in which nuclear structure effects alter signifi-
cantly the close analogy between the spin flip processes dominating (r,v)
and the electromagnetic Ml operator.

In summary, the QONe(W“,Y)ZOFmreaction has been used in
combination with inelastic electron scattering to separate the Ml operator
into its spin flip and orbital current parts. The giant Ml transition in A
= 20 is shown to have an important contribution from the orbital term, in

agreement with theory. The utility of the (r ,y)-reaction for directly

measuring the spin flip matrix elements has been demonstrated.
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0 - . . .
2 Ne(m sY)ZOF Partial Branching Ratios¥*

Table 1.

. 20 T 20 a -b.c tot,, . .~2.b

hY EX[ Ne] J Ex[ F] N RY[IO ] RY/RY [10 71
131,31 10.27 2" 0.0 71+ 13 0.7 £ 0.3 0.42 * 0.08
130.25  11.24 1t 1,06 97 + 58 0.9 * 0.5 0.57 * 0.34
130,01  11.57 2" 1,30 182 + 70 1.7 £ 0.6 1.07 * 0.41
129.47  12.11 2" 1.84 276 + 32 2.6 * 0.3 1.61 * 0.19
125.29  16.4 1271 6.1 1630 + 80  15.3 t 2, 9.55 * 0.47
114.2°  27.4 17.1 511 + 160 4.8 + 1.7 3.0 * 0.9
pole’ 14300 + 370 134. * 20. 84, * 2.2
Total 17,065 160+ 24 100.

*All energies are given in MeV.

a) Number of events in spectrum obtained in the fit, corrected for the
energy dependence of the efficienéy curve. Uncertainties are from
fitting only.

b) Relative branching ratios, uncertainties from fitting only.

¢) Absolute branching ratios including uncertainty in normalization.

d)‘Breit~Wignef-Shape, full width 1.35 MeV.

e) as d, full width 2.7 MeV.

'f) Spectrum for quasifree radiative capture (20) leading to 19F ground

20 - )
state  Ne(mw ,Yn)]gF, pole model A = 14,14 MeV,
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Figure caption

Figure 1

. 20 - . .
Inclusive photon spectrum from ~ Ne(w ,y), with photon energy scale in
MeV and vertical scale in events per 0.2 MeV. The excitation energy scale
.20 . .
in F is also shown. TInset: enlarged view of upper part of photon
spectrum shown in Fig. 1, and the fit to 4 lines folded with the

instrumental line shape. Spin parity assignments are from Ajzenberg-Selove,

Nucl. Phys. A300, 1 (1978), Table 20.4.
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